recycling endosomes regulated by AP-1 (28) .
93
Specifically expressed in phagocytes, the Nef-targeted Hck kinase is present in 94 macrophages under two isoforms: p59Hck is found at the plasma membrane and induces the 95 formation of F-actin rich-protrusions, whereas p61Hck is localized at the membrane of 96 lysosomes where it can induce the formation of podosome-rosettes (6, 11). Nef is able to 97 activate both Hck isoforms leading to the formation of actin-rich protrusions and podosome-98 rosettes (43) . By activating p61Hck, Nef also triggers the fusion of individual infected amplified by PCR using specific primers, from the vector pEBB-myr-GST-RRT-SH3 (15, 16) 147 into the NotI site of the sdAb19-pCDNA3 vector. For expression in bacteria, Neffins were 148 amplified by PCR using specific primers, and then subcloned in pET15b as previously (2). Immunofluorescence analysis 155 Immunofluoresence on HeLa cells was done as described previously (2), and cells were 156 examined under an inverted Leica DMI6000 microscope equipped with a spinning Disk
157
(Yokogawa CSU-X1M1), a 63x oil immersion objective and a cooled charge-coupled device 158 camera (CoolSnap HQ2, Photometrics). Images were analyzed and processed with ImageJ
159
(National Institutes of Health) and Photoshop (Adobe System Inc.). To represent the co-160 localization of the two proteins in white (see Figure 1B) , the ImageJ co-localization plug-in 161 was used. To quantitatively evaluate the level of co-localization of the two proteins, we 9 calculated the Pearson's correlation coefficient (25) with the ImageJ JACoP plug-in (2) for at 163 least 10 independent cells.
164
Immunofluoresence on Jurkat T cells was done as described previously (37). Briefly, Jurkat 165 cells were permeabilized with 0.1% Triton X-100, then stained with anti-Lck (mAb 3A5,
166
Santa Cruz Biotech) and anti-c-Myc (71D10, Cell Signaling Technology) primary antibodies,
167
followed by CY3-and Alexa647-labelled secondary antibodies, respectively. Cells were 168 examined under a confocal Zeiss LSM700 microscope a using a 63x objective. To quantify formation, slides were coated with vitronectin (Sigma) and 100 U/mL recombinant mouse 179 IFN-γ (Peprotech) were added 8 h after transfection as described (40). Cells were then 180 examined 16 h later. Statistically differences were determined using the Student's t test, and 181 differences were considered significant if P < 0.01 (**), P < 0.001 (***). GST-Nef, sdAb19 and Neffins were produced in E. coli BL21 strain as described (19, 28) . 
Results

224
Interactions between Nef and Neffins in cells.
225
To improve the inhibitory activity of the anti-Nef sdAb19 and to expand its activity 226 against the multiple functions of Nef, we generated two chimeric proteins in which the description of the design and biochemical properties of Neffins will be described elsewhere
232
(Järviluoma et al., submitted).
233
As described for the parental sdAb19 (2), we first examined the ability of sdAb19-SH3 Figure 6D , the rate of phagocytosis in cells co-expressing 389 Neffins B6, C1 or sdAb19 was almost totally restored to a level equivalent to the control cells.
390
We checked that the association of particles on macrophages was not affected by the 391 expression of Neffins or sdAb19 ( Figure 6C ). These results indicate that sdAb19 and Neffins
392
are both able to counteract the negative effect of Nef on phagocytosis by macrophages. In the present study, we report the characterization of the inhibitory activity of the anti- While we previously showed that sdAb19 was able to interfere with the association of 
549
In conclusion, Neffins, generated to improve the inhibitory activity of sdAb19, were able 550 to inhibit all the functions of Nef, including the cell surface down-regulation of MHC-I, in 
